Abstract-A speech-in-multitalker-babble test instrument was developed for use in a Department of Veterans Affairs (VA) multicenter study examining the effects of hearing loss on selfperceived quality of life. Word recognition in quiet and in multitalker babble was measured on 24 listeners with normal hearing and 24 listeners with sensorineural hearing loss. The protocol involved the presentation of 10 monosyllabic words (each in a unique babble segment) at each of seven signal-tobabble (S/B) ratios from 24 dB to 0 dB, with the babble fixed at 60 dB HL (hearing loss). Word recognition in quiet at 60 dB and 80 dB HL for both groups was >90% correct. Two trials on the task were conducted. In babble, the 50% correct points were at 4.1 dB and 9.4 dB S/B for the listeners with normal hearing and hearing loss, respectively, with the 90th percentile for the listeners with normal hearing at 6 dB S/B. Twenty-two of the twenty-four listeners with hearing loss had 50% correct points outside of the 90th percentile for listeners with normal hearing. Test-retest reliability was excellent.
INTRODUCTION
Patients with hearing loss often complain that they can hear but cannot understand speech, especially in the presence of background noise [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Carhart and Tillman and later Plomp and Duquesnoy emphasized that listeners with peripheral sensorineural hearing loss are most handicapped when listening in the presence of background noise [2, 12] . In routine clinical practice, the ability of patients to understand speech in a noisy environment is not typically assessed [13, 14] . This paper describes a prototype speech-in-noise paradigm in which word-recognition ability is measured in a background of multitalker babble. With this speech-in-babble paradigm, the hearing loss for speech in terms of decibels signal-to-babble (S/B) ratio can be established.
The test instrument described was designed specifically as a component of the auditory evaluation protocol for patients with hearing loss included in a Department of Veterans Affairs (VA) multicenter project [15] . This project measured the effects of audiological intervention on communication function and health-related quality of life as measured by selected generic and disease-specific outcome measures.
As a means of evaluating speech understanding in background noise for individuals with sensorineural hearing loss, a first approximation of a test instrument was developed in a series of earlier studies [16] [17] [18] . The methods and procedures associated with the development of the test materials used in the current study are described in detail elsewhere [19] . Briefly, however, to meet the requirements of the multicenter study, the test instrument had the following characteristics:
1. The Northwestern University Auditory Test No. 6 (NU 6) monosyllabic materials recorded on a disk by a VA female speaker were selected, thereby providing a measure of speech understanding in both quiet and background noise using the same speaker and speaking the same words [20] .
2. Multitalker babble was selected as the competing background noise because multitalker babble is the most common environmental noise encountered by listeners in everyday life and because babble is more detrimental to speech perception than are other types of competition [21] . The multitalker babble, which was recorded by Causey in 1988, * consists of three female and three male speakers talking simultaneously about various topics with none of the conversations intelligible [22] .
3. Because background noises are maintained at fairly constant levels from one setting to the next, the level of the multitalker babble was fixed and the level of the speech signal varied.
4. The instrument evolved as one in which 10 words were presented at each of seven S/B ratios (24 dB to 0 dB) in a quasi-randomized design. The use of multiple S/B ratios provides the shape of the recognition function. For listeners with normal hearing, the target performance outcomes in percent correct at 0, 4, and 8 dB S/B were 30, 50, and 70 percent, respectively, with performance >90 percent correct at levels above 8 dB S/B. The extension of the S/B ratios in the test paradigm to 12, 16, 20, and 24 dB S/B provided an ample range over which the performances of listeners with hearing loss could be measured.
5. The instrument design was amenable to quantification by the Spearman-Kärber equation that is a simple metric yielding an estimate of the 50 percent correct point in terms of the decibel S/B ratio [23] .
* Causey GD. Personal communication, 1988. In the development of the words in multitalker babble, pilot data from a larger project revealed that performance on a given word was different in different segments of babble [24] . To reduce performance variability on the words in babble, we fixed the temporal relationship between the target word and the multitalker babble segment for that word. Thus, each word was time-locked in a unique 6 s segment of babble. The words were digitally adjusted in level and mixed with the babble segments. To produce the test lists, we shuffled and concatenated the babble segments containing the words. To make the boundaries between babble segments acoustically and perceptually transparent, we edited the onsets and offsets of the waveforms at negative going zero crossings. Through a series of pilot studies, psychometric functions were developed for each of the 150 words in Lists 2, 3, and 4 of NU 6. Based on data from both listeners with normal hearing and listeners with peripheral hearing loss, the pool of words was reduced to 70 words that were sorted into seven S/B ratios based on the recognition performance of the listeners (i.e., 10 words at each S/B ratio). Two versions of the test materials were developed, one in which the 70 words were presented in a randomized S/B ratio paradigm and one in which the words were presented in a descending S/B ratio paradigm [24] . The latter design was selected for use in the multicenter project. In the descending-level paradigm, the 10 words at 24 dB S/B were presented first, followed by 10 different words at 20 dB S/B, etc. In this manner, the listening task progressed from easy to difficult, thereby maximizing the effects, if any, of learning to listen in a background noise.
This study established normative data for the target words used in the multitalker babble paradigm that was incorporated into the multicenter study. It also examined the test-retest reliability of the test instrument. Listeners with sensorineural hearing loss were included to ensure that the protocol would provide appropriate data for listeners with hearing loss.
METHODS

Materials
The two randomizations of the word lists in multitalker babble were recorded on an audio compact disc (Matshita, Model UJDA710) along with Lists 1 and 2 of the NU 6 in quiet. The same female speaker recorded all materials.
Subjects
A group of 24 listeners (mean = 21.1 years) with normal hearing (≤20 dB HL at 250 Hz to 8,000 Hz) and 24 listeners (mean = 58.5 years) with mild-to-moderate sensorineural hearing loss participated. The subjects with hearing loss had (1) word-recognition scores in quiet of ≥76 percent correct at 50 dB HL, (2) pure-tone thresholds that were symmetrical (±10 dB), and (3) ipsilateral acoustic reflexes at 500, 1,000, and 2,000 Hz. The mean audiogram for the listeners with hearing loss can be seen in Figure 1 . The subjects were remunerated for their participation in the 1-hour session.
Procedures
Each subject was presented NU 6 Lists 1 and 2 in quiet. The odd numbered subjects listened to List 1 at 80 dB HL followed by List 2 at 60 dB HL. The even numbered subjects listened to List 1 at 60 dB HL followed by List 2 at 80 dB HL. The 60 dB and 80 dB HL levels were selected for the quiet presentations, as they were the same levels of the words in multitalker babble at 0 dB and 20 dB S/B, respectively. Following the two quiet lists, each listener was presented two trials on the words in multitalker babble paradigm. The odd numbered subjects were presented the first randomization followed by the second randomization with the even number subjects listening to the reverse sequence. The binaurally presented materials were reproduced on a compact disc player (Sony, Model CDP-497), routed through an audiometer (Grason-Stadler, Model 10) to a pair of TDH-50P earphones encased in Telephonics P/N 510C017-1 cushions. Binaural presentations were used because (1) monaural and binaural data from an earlier study indicated only about a 1 dB difference between performances on the two conditions [19] and because (2) the larger merit review project for which the materials were designed required a binaural measure of word recognition in background noise. For all conditions, the level of the multitalker babble was fixed at 60 dB HL and the level of the speech varied from 60 dB to 84 dB HL. All testing was conducted in a double-wall sound booth. The verbal responses of each listener were recorded into a spreadsheet, which permitted analysis of the individual responses.
RESULTS AND DISCUSSION
The mean percent correct data (and standard deviations [SDs]) for Lists 1 and 2 of NU 6 presented in quiet are listed in Table 1 . Although the recognition performances were near maximum, a two-within (list by level), one-between (group) analysis of variance (ANOVA) indicated that recognition performance by the listeners with hearing loss was significantly poorer (<3 tokens) than the recognition performance by the listeners with normal hearing [F(1,22) = 27.363, p < 0.0001] [25] . The differences between performances on List 1 and List 2 were smaller (<2 tokens) and were not significant (p > 0.01). Table 2 lists the percent correct recognition obtained on the 10 words in quiet from Lists 1 and 2 of NU 6 that were most often incorrect. The values are the mean percents correct obtained at 60 dB and 80 dB HL. The words are ranked according to the overall percent correct recognition obtained by the two groups of listeners. Although performances were generally above 90 percent correct for listeners in both groups, the point of the listings in Table 2 is to highlight the percent correct variability both among the words and between the two groups. For example, most audiologists would probably guess that the word "laud" in List 1 would be the word most often incorrect. In List 1, however, in quiet four other words (death, mode, pool, and met) were more often incorrect than "laud." For both lists, the word "calm" was the most often missed word. No doubt, the rankings of word difficulty in Table 2 will vary depending on the ranges of percent correct recognition included in the sample. The listeners with normal hearing performed better on 58 percent of the 100 words with equal performance by the two groups on 37 percent of the words. The listeners with hearing loss performed minimally better than did the listeners with normal hearing on 5 percent of the words. The mean percents correct for the words in multitalker babble from the two groups on the two trials are listed in Table 3 . The SDs for both the subjects and the words are listed. Also included for the four conditions are the overall percent correct and the 50 percent correct points calculated with the Spearman-Kärber equation and expressed in terms of both the decibel S/B ratio and the decibel hearing level of the words [26] . A one-within (trial), one-between (group) ANOVA on the 50 percent points revealed that the only significant difference was between groups [F(1,46) = 52.556, p < 0.0001]. As expected, the intersubject SDs indicate greater variability among the listeners with hearing loss than among the listeners with normal hearing. For both groups, the largest variability was on the dynamic segment of the psychometric function. Interestingly, the interword variability on the dynamic segment of the function was smaller for the listeners with hearing loss than for the listeners with normal hearing.
The excellent agreement between the mean 50 percent correct points on the two trials is illustrated in Figure 2 with the data from the listeners with normal hearing ( ) and the listeners with hearing loss (°). Figure 2 is a bivariate plot of the test (abscissa) and retest (ordinate) points calculated with the Spearman-Kärber equation. The solid symbols depict the mean data. The numbers on the graph indicate the number of data points above, on, or below the diagonal line that represents equal 50 percent correct points on the two trials. Nine of the listeners with hearing loss had 50 percent points that were at higher S/B ratios on Trial 2 than on Trial 1. Five of the listeners with hearing loss had equal performances on the two trials. The shaded region in the lower left corner of the figure represents the 90th percentiles (6 dB S/B) for Trial 1 and Trial 2 from the listeners with normal hearing. As illustrated, the levels of the 50 percent points for the listeners with normal hearing are clustered closely, whereas the levels for the 50 percent points for the listeners with hearing loss are spread widely, with most outside of the 90th percentile area. In fact, performances by 22 of the 24 listeners with hearing loss were outside of the 90th percentile region. Finally, in the original design of the test instrument, the target percents correct at 0, 4, and 8 dB S/B for the listeners with normal hearing were 30, 50, and 70 percent. The data at these S/B ratios in Table 2 for the listeners with normal hearing are very close to the target values. Because no significant difference was found between the data from Trial 1 and Trial 2, the remaining data presented and discussed are for Trial 1.
The psychometric functions for the listeners with normal hearing ( ) and with hearing loss (°) on Trial 1 are presented in Figure 3 . The S/B ratios at which the 50 percent correct recognition performances occurred on the mean functions in Figure 3 were 2.9 dB and 8.4 dB for the listeners with normal hearing and the listeners with hearing loss, respectively. Thus, the listeners with hearing loss required a 5.5 dB enhanced S/B ratio to obtain recognition performance that was equivalent to the recognition performance of the listeners with normal hearing. A 5 dB HL for pure tones creates little, if any, deficit in auditory function. In contrast to a 5 dB sensitivity hearing loss, a 5 dB HL in terms of S/B ratio is devastating and difficult to overcome. These disparate measures of speech recognition performance obtained in quiet and in background noise are found throughout the literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The slopes of the functions at the 50 percent correct points were 6.5%/dB and 4.5%/dB, respectively. The more gradual slope of the function for listeners with hearing loss reflects the larger intersubject variability associated with this group. The levels of the 50 percent points derived from the polynomials agree with the levels of the 50 percent points calculated with the Spearman-Kärber equation on the Trial 1 data (4.1 dB and 9.4 dB in Table 3 ). For comparison, the filled symbols at 60 dB and 80 dB HL depict recognition performance on the NU 6 materials in the quiet condition for the two groups. The relationship between the datum points at 60 dB HL indicates that the poorer performance by both groups of listeners in the multitalker babble is the result of the "masking" (or distortion in the Plomp model) created by the babble [27] , not the result of poor word recognition in quiet. Finally, from the Trial 1 data in Table 3 , the 18.7 percent (or 5.3 dB) difference between the performances in multitalker babble by the two groups of listeners (78.1% to 59.4%) illustrates how much more of an adverse affect background noise has on listeners with hearing loss than on young adults with normal hearing. The subjects with hearing loss included in this study were ideal subjects; i.e., they had good word-recognition abilities in quiet at 50 dB HL.
Based on previous and current data, an inverse relation is expected both between degree of peripheral hearing loss and word-recognition performance in multitalker babble and between age and word-recognition performance in multitalker babble. Poorer word-recognition performance in multitalker babble is anticipated from listeners with peripheral hearing losses greater than those included in this study and from listeners who are older than those included in this study.
CONCLUSIONS
The data reported in this study indicate that the wordrecognition task in the multitalker babble paradigm developed for the multicenter study is a technique that can efficiently quantify the ability of individual listeners with either normal hearing or hearing loss to understand speech in background noise. The measure defines an hearing loss for speech in terms of the S/B ratio. The listeners with normal hearing and the listeners with peripheral hearing loss had similar word-recognition abilities in quiet at 60 dB and 80 dB HL. For equal recognition performance in multitalker babble, however, listeners with mild-to-moderate hearing loss required on average a 5.5 dB more favorable S/B ratio than did listeners with normal hearing. The 90th percentile for the listeners with normal hearing was 6 dB S/B. Only 2 of the 24 listeners with hearing loss were within this 90th percentile. No difference was found between the multitalker babble data from the two trials indicating excellent test-retest reliability. The data obtained with the words in multitalker babble paradigm clinically demonstrate the difficulty that listeners with hearing loss have when listening in background noise. Decibel S/B levels of 50% correct points on functions for 24 listeners with normal hearing ( ) and 24 listeners with hearing loss (°). Large filled symbols represent mean data. Shaded area in lower left defines 90th percentile for group with normal hearing. Numbers for two groups above, on, and below diagonal line indicate number of listeners whose 50% points were higher on Trial 2 than on Trial 1, equal on two trials, and higher on Trial 1 than on Trial 2, respectively. 
